Introduction
The tropical Indian Ocean (TIO) sea surface temperature (SST) variability on an interannual time scale is highly influenced by the tropical Pacific, especially during El Niño-Southern Oscillation (ENSO) events (e.g., Walker 1923; Keshavamurthy 1982; Mooley and Parthasarathy 1983; Ropelewski and Halpert 1987; Klein et al. 1999; Alexander et al. 2002; Kinter et al. 2002; Ashok et al. 2007; Du et al. 2009; Xie et al. 2009; Chowdary et al. 2010 ; references therein). Rainfall and circulation anomalies over the TIO and South Asian regions are significantly affected by El Niño both during the developing (e.g., Shukla and Paolina, 1983; Webster et al. 1998; Kumar et al. 1999; Ha et al. 2012 ) and decay phases (Yang et al. 2007; Xie et al. 2010; Park et al. 2010) . Similarly these anomalies are influenced by the developing phase of La Niña as well (e.g., Kripalani and Kulkarni 1999) . Several studies have pointed out that ENSO-induced circulation anomalies would generate SST anomalies in the Indian Ocean by modifying surface heat flux through cloud-radiation-SST and wind-evaporation-SST feedback, which in turn would influence monsoon rainfall (Klein et al. 1999; Shinoda et al. 2004; Ashok et al. 2004; Nath 2003, 2004; Yang et al. 2007) .
During a typical El Niño event, SST anomalies in the equatorial Pacific peak around November to January (NDJ), causing basin-scale TIO warming, and decay rapidly in the following boreal spring (Klein et al. 1999) . The basin-wide TIO warming persists till the following summer even after El Niño-related SST anomalies disappear over the eastern equatorial Pacific (Yang et al. 2007; Du et al. 2009; Xie et al. 2009 ). The basin-wide warming during boreal summer enhances precipitation over the TIO, which forces a Matsuno-Gill (Matsuno 1966; Gill 1980) pattern in the upper troposphere and affects the South and East Asian monsoon (Yang et al. 2007; Xie et al. 2009; Chowdary et al. 2011) . The southwest monsoon rainfall intensifies over the Arabian Sea and weakens over the northwest Pacific during summer following the El Niño years. Numerous studies have found that precipitation anomalies are more predictable during summer (June, July, August; JJA (1) 1 ) following the mature phase of El Niño over the Indo-western Pacific region (Wang et al. 2009; Liang et al. 2009; Chowdary et al. 2011; Lee et al. 2011a, b; Sohn et al. 2012) . Figure 1a shows composites of JJA(1) SST and 850 hPa circulation anomalies over the Indo-western Pacific region. Note that summers of 1983, 1998, and 2003 are used for composite analysis. The above years are selected on the basis of the significant NDJ Niño 3.4 (associated with El Niño) and JJA TIO warming (e.g., Chowdary et al. 2010) . Composite signals displayed in Fig. 1 are significant at the 85% confidence level based on the t test (more than one standard deviation). Most of the TIO and some parts of the western Pacific Ocean are warmer than usual. Northeasterly wind anomalies are mainly responsible for the sustained north Indian Ocean warming ( Fig. 1a ; Du et al. 2009 ). Typical basin-wide warming of the TIO and enhanced rainfall patterns in the most of South Asia are characteristics of the summer following El Niño. During JJA (1), enhanced precipitation anomalies over the maritime continent, west of India, and south central Bay of Bengal along with suppressed rainfall over the Gangetic Plain and northwest Pacific regions are apparent. Mean sea level pressure (SLP) is high in the northwest Pacific extending up to the head Bay of Bengal and then suppresses convection there (Fig. 1b) . It is important to predict these patterns during summer monsoon. Recently, one such anomalous event occurred in the boreal summer of 2010. Figure 2 shows the observed Niño 3.4 index and TIO SST evolution from May 2009 to September 2010. The SST warming over the TIO persists until summer 2010 even after the termination of El Niño during 2010 spring (Du et al. 2011 . A rapid phase transition from El Niño to La Niña in the Pacific is one of the robust features during May 2010 ) and was well predicted by the JAMSTEC SINTEX-F (SINT) model (see http://www.jamstec.go.jp/ frsgc/research/d1/iod/e/seasonal/outlook.html). The South Asian region experiences several heavy rainfall events during summer 2010 (Pai and Sreejith 2011) . Some parts of central north India experienced severe floods during summer 2010 because of very heavy rain events (Mazumdar et al. 2011 ). Heavy to very heavy rainfall events in some parts of Northwest India and Pakistan caused widespread damage to land and crops during the end of July and early August (Pai and Sreejith 2011) . According to India Meteorological Department (IMD), seasonal rainfall over the country (India) is 102% of its long period average. No monsoon depressions are formed over the north Indian Ocean during summer 2010, although monsoon was normal (IMD), making it unusual.
Understanding and predicting such anomalous monsoon behavior are very essential as it has many potential consequences on highly populated Asian countries. The main goal of this study is to assess the predictability of the TIO SST and atmospheric anomalies during summer 2010 and to investigate possible predictors for climate anomalies. For this purpose, we examine the climate anomalies during summer 2010 over the South Asian and TIO regions using real-time forecast initialized on 01 May 2010 obtained from Coupled General Circulation Models (CGCMs). In addition to this, regional atmospheric model experiments are carried out to understand the role of local SST anomalies in controlling the monsoon rainfall in JJA2010. The paper is organized as follows. In Section 2, we briefly describe the details of different data sets and models that are used in the study. Regional model experiments and results are discussed in Section 3. Section 4 demonstrates the coupled model's ability in predicting interannual summer SST, rainfall, and circulation over the TIO and South Asian region. Section 5 presents the prediction of distinct climate anomalies of summer 2010. Section 6 summarizes the result.
Data and models
Monthly hindcast data are derived from five CGCMs (see Table 1 ) that are participating in the semi-operational 6-month lead one-tier multi-model ensemble (MME) prediction at Asia-Pacific Economic Cooperation Climate Center (APCC; Jeong et al. 2012; Sohn et al. 2012) in cooperation with the Climate Prediction and its Association to Society project (Wang et al. 2009; Lee et al. 2010) . We use individual models integrations initialized on 01 May 2010 (one-month lead) and their MME.
All the coupled model anomalies are computed on the basis of the common hindcast period of as all the models provided hindcast for this period. The detailed information of individual models and their initial conditions are available in Sohn et al. (2012) . For each model, ensemble mean anomalies are calculated on the basis of monthly ensemble-mean climatology for each lead time. Each model and MME results are compared with the optimum interpolation SST data (Reynolds et al. 2002) , the European Centre for Medium-Range Weather Forecasts reanalysis Interim (ERA-Interim) (Dee et al. 2011 ) SLP, 850 and 200 hPa horizontal winds, and 500 hPa geopotential height. We also used the Climate Prediction Center merged analysis of precipitation (CMAP; Xie and Arkin 1996) data in the study. Correlation analysis is used to evaluate the prediction skill of the model. {1.1 Please check the change}.
To assess the role of TIO SSTs, we carried out a sensitivity experiment (EXP) using the regional atmospheric model WRF 3.2.1 (Skamarock et al. 2008) . It is a limited-area, non-hydrostatic primitive equation model with multiple options for various physical parameterization schemes. The model domain covers the large-scale monsoon region 35°E-110°E; 20°S-35°N. The model time step is chosen as 240 seconds. The model simulation spans from 1 May to 1 October (for 11 years from 2001 to 2011); the simulations corresponding to JJA are used for this study by allowing one month as model spin-up time. One month spin-up period is sufficient for the dynamical equilibrium between lateral boundary forcing and internal physical dynamics of the model (Anthes et al. 1989) . Model setup and performance in simulating ISM rainfall and circulation are discussed in detail by Raju et al. (2013a, b) . The daily real-time global SST (Thiebaux et al. 2003) product is used as the slowly varying lower boundary condition for the WRF model. The model output is retrieved once a day corresponding to 00 UTC, and used for comparing and assessing model performance. Throughout the paper, seasons are defined by those of the Northern Hemisphere.
Regional model experiment
To test our hypotheses that the TIO warming is critical for rainfall patterns over the Indian Ocean and South Asian region during summer 2010, we performed a sensitivity experiment in addition to a control experiment (CTL) using the WRF model. In CTL, both SST and lateral boundary conditions are in real time from 01 May to 01 October, whereas EXP is similar to the CTL, except that SST is based on 11 year (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) climatology. The difference between CTL and EXP provides the impact of local SST over the South Asian and TIO regions. It is important to note that remote forcing outside the Indo-western Pacific on the South Asian rainfall during summer 2010 is not negligible (e.g., Du et al. 2011) . First, we present the regional model's ability in simulating mean monsoon characteristics. Observed (CMAP) rainfall climatology during the summer monsoon season (JJA) over the south Asian region is shown in Fig. 3c . Model climatology is based on the 11 (2000-2010) years control simulation (Fig. 3a) . The rainfall maximum (minimum) over northeast India, northern Bay of Bengal, and along the west coast of India (over northwest and southeast India) is fairly well captured by model as compared to observations (Figs. 3a and 3c). However, the magnitude of model rainfall is greater than that of observations over the South Asian monsoon region. Large magnitudes of summer rainfall over this region in the WRF simulation are evident in several studies (e.g., Ashrit and Mohandas 2010; Raju et al. 2013a, b) . The regional climate model captures the cross equatorial monsoon flow at 850 hPa and the easterly jet at 200 hPa over the north Indian Ocean. The model overestimates wind speed compared to the observations over the TIO, but underestimates it in the western Pacific region. Mean SLP is low (high) during summer over the south Asian region (south of the equator) in both model and observations (Figs. 3b and  3d) . Overall, simulated mean monsoon circulations at the lower and upper troposphere are reasonably well captured albeit with some regional biases.
Figures 4a and 4c show anomalies of precipitation over the TIO and South Asia region during JJA2010 in model and observations, respectively. Positive rainfall anomalies over southern peninsular India, west coast of India, and southern Bay of Bengal are reasonably well simulated in model (Fig. 4a) . In addition to this, rainfall anomaly patterns over the Maritime continent and western Pacific are well captured by model. Anomalous easterlies over the north Indian Ocean and the northwesterlies south of the equator are also well captured. Similarly, observed SLP and 200 hPa wind patterns are also reasonably well simulated in most domains during JJA 2010 (Figs. 4b and 4d) . However, the regional atmospheric model fails to simulate rainfall and 200 hPa wind anomalies over the south eastern Indian Ocean. This indicates that the response of upper tropospheric winds to local SST forcing is essential to reproduce observed rainfall over the TIO. It is important to note that regional model rainfall and upper tropospheric wind anomalies are very well reproduced in the region north of the equator. 10; 1982 -2005 Fu and Wang (2004 summer 2010. Enhanced rainfall over the Western Ghats, southern peninsular India, and some parts of the equatorial Indian Ocean is controlled by the TIO SST anomalies. Rainfall over northern Pakistan is positive, indicating influence of the TIO SST (Fig. 5 ) in addition to mid-latitude circulation (Kosaka et al. 2012) . Enhanced rainfall over the western TIO is consistent with low SLP anomalies and anomalous upper tropospheric circulation (Fig. 5b) . The model experiment supports our hypotheses that circulation and rainfall anomalies over the southern Peninsular India and TIO in the summer 2010 are associated with the TIO warming during the decay phase of El Niño. Our regional model results are consistent with the previous atmospheric general circulation models (Ohba and Ueda 2006; Shen et al. 1998 ) and linear baroclinic model experiments ) studies, suggesting that the importance of the TIO SST in summer rainfall over the Asian monsoon region.
Evaluation of historical prediction skill of SST and rainfall in coupled models
The Taylor diagram (Taylor 2001 ) is used to quantify the performance of the different coupled models in predicting the TIO SST and rainfall during the retrospective forecast period of (Fig. 6 ) before evaluating the performance of couple models on climate anomalies of summer 2010. It provides information of temporal correlation, root-mean-square difference, and ratio of variances. The distance from the observed reference point to the corresponding model point gives the root-mean-square error (RMSE). The correlation between the observation and model is the cosine of the polar angle. A correlation between the observed and model one-month lead TIO SST forecast for summer (JJA) during 1982-2004 and RMSE are illustrated in Fig. 6a . The TIO SST and rainfall are averaged between 40°E-100°E and 20°S-20°N. The result shows that nearly all coupled models predict interannual TIO SSTs with high reliability. In terms of the temporal correlation and RMSE, the SINT has the best forecast skill followed by the MME and Predictive Ocean Atmosphere Model for Australia (POAMA). Similarly, precipitation over the TIO region also is well predicted by NCEP, SINT, and MME on the interannual time scale (Fig. 6b) , indicating the coherency between the TIO SST and rainfall in some models. POAMA, PNU, and UH show low skill in predicting TIO precipitation, although they have significant skills in predicting SST. This suggests that rainfall prediction over this region is not completely determined by local SSTs in many years unlike in summer during the decay phase of El Nino. Unlike SST prediction over the TIO, the coupled models tend to have difficulties in predicting the interannual variability of Asian summer monsoon rainfall and circulation. Monsoon indices (rainfall and/or circulation) used in this study are based on Webster-Yang Index (WYI) (Webster and Yang 1992) , monsoon Hadley Circulation Index (MHI) (Goswami et al. 1999) , Indian Summer Monsoon Index (ISMI) , and extended rainfall index (ERI) (Goswami et al. 1999) . It is shown that the models are able to predict the WYI, the broad-scale circulation index (Table 2) , to some extent. Out of five models, only one model (SINT) displays better skills in predicting ERI with a correlation of 0.47. However, in general, coupled models and their MME have a much lower skill for predicting the local circulation and rainfall indices related to Asian summer monsoon.
Prediction of JJA 2010

SST, Low-level circulation and precipitation
This section investigates the observed characteristics and prediction ability of distinct climate anomalies over the TIO and South Asia in JJA 2010 using one-month lead coupled predictions initialized from 01 May 2010. The most robust feature in both observations and model prediction is the TIO basin-wide warming (Fig. 7) . While SST anomalies in the eastern equatorial Pacific turn negative (La Niña) in May 2010, the pronounced El Niño-induced warming persists in the TIO and western Pacific regions throughout Temporal correlation between observations and models and RMSE are shown. The correlation of 0.40 is significant at 90% confidence level for 23 years based on two-tailed student t-test. (Du et al. 2011) . Observed SST warming during JJA 2010 in most of the TIO and some parts of the western Pacific is realistically captured by the MME one-month lead prediction (Fig. 7b) with a weaker magnitude. The pattern correlation of SST anomalies with observations is high (>0.75) in NCEP, POAMA, and SINT over the Indo-Pacific region. PNU and UH display low skills in predicting the Indo-Pacific SST anomalies in summer 2010 at one-month lead. SST anomalies in the TIO are overestimated in PNU, whereas they are underestimated in UH.
Easterly wind anomalies at 850 hPa are evident over the northern Indian Ocean in most models and MME and also in observations, which is favorable for warmer SSTs. Despite of this weaker than normal Indian monsoon circulation, enhanced precipitation is apparent over most of the north Indian Ocean and Indian peninsular region during summer 2010 (Fig.  8a) . The weak monsoon circulation (low-level winds) is not necessarily representing monsoonal convective strength (Izumo et al. 2008; Chowdary et al. 2013) . The weakening of low-level winds sustains the north Indian Ocean warming during JJA 2010, increasing the monsoon rainfall by reducing moist stability and increasing horizontal moisture advection (Yang et al. 2007 . Thus, enhanced rainfall over the Western Ghats and Southern peninsular India in JJA 2010 is due to the TIO warming, which is strangely supported by regional climate model experiments. Most models and MME are able to predict the enhanced rainfall over the Western Ghats and Southern peninsular India along with prevailing easterlies over the north Indian Ocean and Indian subcontinent but weaker in magnitude. In Section 4, it was shown that coupled models display very low skills in predicting the overall interannual variability of South Asia summer monsoon precipitation. However, during summer 2010, coupled models and their MME tend to reasonably predict the monsoon rainfall anomalies over South Asian in association with the TIO warming.
The MME is able to predict negative precipitation anomalies (albeit weak in magnitude) over the northwest Pacific and head Bay of Bengal. These negative rainfall anomalies are linked with the anomalous positive SLP (ridge) in association with the westward extension of a stronger than normal subtropical high from the northwest Pacific. The one-month lead MME prediction shows an anomalous high all the way from the northwest Pacific to northern parts of India, which is evident in most of the models. The MME is also able to predict the northwestward tilting of positive SLP anomalies during summer 2010. Studies such as Chowdary et al. (2013) indicate that the westward extension of moisture divergence from the SLP ridge is responsible for low rainfall over the head Bay of Bengal region. Strong positive precipitation anomalies over the northwestern parts of South Asia including Pakistan are one of the distinct features observed in summer 2010. While the MME reasonably predicts positive rainfall in some parts of northwestern India, it fails to capture the observed rainfall maximum in the northern Pakistan region. This issue will be revisited in the next subsection.
The MME is unable to predict the rainfall maximum, SST, and low-level circulation over the southeastern TIO (between equator and 10°S). Observations display strong positive rainfall anomalies over the southeast equatorial Indian Ocean associated with a warmer SST (Figs. 7a and 8a ). The SST warming over the eastern equatorial Indian Ocean, together with the northwestern Pacific anticyclonic circulation, exerts a strong impact on the rainfall over the head Bay of Bengal and over monsoon trough region (Chowdary et al. 2013) . Figure 7b shows weak SST anomalies (slightly cooling) off Sumatra and Java in the MME in contrast to the observations. The unrealistic SST anomaly gradient from the western TIO to eastern equatorial Indian Ocean appears to be responsible for the unrealistic circulation pattern and low prediction skill of precipitation over the southeastern TIO in the MME (Figs. 7b and 8b) . The unrealistic SST cooling (weak) off Sumatra and Java is apparent in PNU and SINT (Figs. 7d and 7f) . The SST bias, which may be associated with the unrealistic Indian Ocean Dipole (IOD) in the model, could be responsible for its poor skill in predicting the low-level circulation anomalies over the southeastern TIO.
Upper tropospheric circulation
Episodic heavy and steady rains over Pakistan during the end of July and early August considerably contribute to the seasonal mean rainfall of summer 2010 over that region (Fig. 8a) . The rains are responsible for the heavy flooding of the entire Indus River basin. The Pakistan floods in summer 2010 are attributed to the unusual atmospheric events in the tropics (Houze et al. 2011; Webster et al. 2011; Pai and Sreejith 2011) . Apart from tropics, mid-latitude circulation such as the blocking high associated with the Russian heat wave may have triggered the Pakistan heavy rains Fig. 8 . JJA 2010 precipitation (white contours and shaded; above 0.5 mm day -1 and below -0.5 mm day -1 are displayed) and SLP (black contours; CI 0.5 hPa) anomalies for (a) observations, (b) MME and (c)-(g) individual models. MME and individual models are initialized on 01May 2010. The pattern correlation between the observed and model's predicted precipitation anomaly is shown at the top of (b)-(g). (Hong et al. 2011; Webster et al. 2011; Lau and Kim 2012; Kosaka et al. 2012) . The MME shows reasonable skill in predicting the seasonal rainfall anomalies from north Arabian Sea to north Pakistan (Fig. 8b) . This predictability comes from the tropical region. However, models fail to predict the intensity of north Pakistan rainfall because of the inadequate representation of circulation in mid-latitudes. The MME shows limited skill in predicting the spatial distribution of the 200 hPa circulation (streamlines) and 500 hPa geopotential height anomalies over the South Asian region in summer 2010 at one-month lead (Fig. 9b) . The MME predicts 500 hPa geopotential height and upper-level circulation (streamlines) reasonably well over the tropics but failed to predict them in mid-latitudes. This is related to the models inability in predicting mid-latitude seasonal circulation even at one-month lead in most of the coupled models (Lee et al. 2011a; Kosaka et al. 2012) .
Over the TIO, geopotential height anomalies display a weak Matsuno-Gill pattern, consistent with the forcing by the warmer SST in observations (Figs. 9a  and 6a ). The TIO warming induces a local rainfall increase especially from the eastern Arabian Sea to Bay of Bengal (Figs. 8a and 8b) . The observed geopotential height field displays a wedge-like Kelvin wave penetrating into the western Pacific along the equator, accompanied by Rossby wave-like (weak), off-equatorial maxima that extend westward from the western TIO (Fig. 9a) . The Kelvin wave pattern in 500 hPa geopotential height anomalies is predicted to some extent by NCEP, POAMA, and SINT. However, all models have low skill in predicting the mid-latitude seasonal mean circulation (Figs. 9c-g ).
Impact of Developing La Niña
The role of developing La Niña in the eastern Pacific cannot be overlooked in the occurrence of anomalous events over the TIO region. By JJA 2010, negative SST anomalies appear in the eastern equatorial Pacific (Figs.  2 and 7a) . During La Niña years, convection shifts toward the Indo-western Pacific region, which includes the Maritime Continent and eastern TIO (e.g., Chen et al. 2006) . This is well applicable for 2010 summer (Mujumdar et al. 2012) . Both observations and MME show enhanced rainfall in some parts of South Asia and eastern TIO. The NCEP and SINT models display better La Niña conditions in the central-eastern Pacific during JJA 2010 (Fig. 7) . La Nina conditions in the Pacific support a westward shift (10-15° longitude) of the northwest Pacific high in summer 2010 (Mujumdar et al. 2012) . This shift in the northwest Pacific high is responsible for weakening the low-level convergence over the northwest Pacific region. In addition to the TIO warming, the models in which La Niña conditions are well predicted (NECP and SINT) show better skills in capturing the westward shift in the northwest Pacific high. This is evident especially in the low-level circulation pattern (Figs. 7c and 7f) . This indicates the fidelity of model predictions of La Nina conditions and circulation over the Indo-western Pacific. Other models predict relatively poor La Niña conditions in the Pacific. For instance, PNU shows cold SST anomalies south of the equator, POAMA has weak La Niña conditions, and UH has even a weaker warming instead of cooling. This indicates that some models may have problems in predicting this particular event but not necessarily the transition from El Niño to La Niña in general. This may have some impact on the prediction of the TIO climate anomalies in summer 2010. This issue is complex and needs to be examined in detail.
Overall, the coupled models are capable of predicting the persistent basin-wide TIO warming and rainfall anomalies in some of the Indian monsoon regions in summer 2010 but with weaker magnitudes. The results suggest that the rainfall anomaly over the Western Ghats of the Indian subcontinent and south central Bay of Bengal are associated with the TIO warming during JJA 2010. Regional atmospheric model results (experiment) support this claim. Below normal rainfall over northeast India and head Bay of Bengal is mainly due to weak anticyclonic circulation linked to the SLP high extending from the northwest Pacific region. The unrealistic eastern TIO cooling off Sumatra and Java similar to that of IOD is responsible for the poor prediction of rainfall and SST over this region. On the other hand, enhanced rainfall over the northwest Indian and Pakistan regions to the north Arabian Sea is partly from tropical circulation and partly due to circulation over the mid-latitudes. The latter is not predicted by many coupled models.
Discussion and summary
The moderate TIO warming event (basin wide warming) from winter 2009 to summer 2010 associated with El Niño causes significant climate anomalies over the Indo-western Pacific region (Du et al. 2011) . Enhanced rainfall and weak low-level circulation anomalies during summer 2010 over the TIO and South Asia are associated with the delayed response to El Niño through TIO warming. Although low-level circulation is weak, moist processes such as moist stability and moisture transport associated with the warmer north Indian Ocean compensate for the wind effect and cause 13 positive rainfall anomalies during summer following El Niño ). Our regional model experiments support that the TIO SST (warming) anomalies are important in maintaining rainfall and circulation anomalies over South Asia in summer 2010. The reproducibility or predictability of rainfall skill over the TIO and South Asia in the regional model can be improved by assimilating satellite data (Raju et al. 2013a) .
The seasonal forecast system based on five APCC coupled models successfully predicted 2010 summer anomalies over TIO and South Asia with a one-month lead (initialized on 01 May). Robust features that are well predicted include the basin-wide TIO warming, enhanced rainfall over north Indian Ocean (including the Western Ghats and Southern Peninsular India) and the maritime continent. Apart from enhanced precipitation in various parts of South Asia, the MME is also able to predict suppressed rainfall over the northwest Pacific and northeastern Bay of Bengal. It is also noted that the MME fails to predict the magnitude of rainfall maximum in northern Pakistan, which is related to the inability of models in predicting mid-latitude circulation (Kosaka et al. 2012) . The major deficiency in some coupled models is the unrealistic cooling along the Sumatra/Java coast induced by easterly wind anomalies during summer 2010, which appears to be responsible for underestimating rainfall anomalies over the southeast TIO. This study demonstrated that the stateof-the-art coupled models could predict climate anomalies of summer 2010 over the TIO and South Asia at one-month lead. Therefore, a better representation of TIO SST in coupled models may improve the prediction of South Asian monsoon.
